In tropical and sub-tropical regions, air-conditioning systems account for the greatest electricity consumption and high water use. Solardriven absorption cooling systems can conveniently reduce electricity consumption at need. The performance of this cooling system depends on the system's heat rejection. A simulation was performed for a 15 kW single effect ammonia-water absorption cooling system driven by low temperature thermal energy and with three different heat rejection methods (wet cooling, dry cooling, and hybrid cooling). This hybrid cooling system uses wet cooling on the absorber and dry cooling on the condenser. The system performance and economics of the chiller with these cooling methods were evaluated. The analysis showed that a wet cooling system has a higher system performance and water consumption compared to a dry cooling system, which has a high primary energy consumption with no water usage. In hot weather conditions and where there is scarcity of water, hybrid cooling can consume on average 41% less electrical energy than dry cooling and 49% less water than wet cooling and the payback period compared to a wet cooling system can be less than three years.
Introduction
In tropical and sub-tropical regions, modern cities are the main consumers of electricity and most of this energy is for air-conditioning systems in buildings. In the United Arab Emirates (UAE), 60% of the total electrical energy is consumed by building air-conditioning systems during summer [1] . Improving the efficiency of existing energy usage and using renewable energy resources are key to protect the environment. Renewable energy integration either alone or in hybrid systems can meet the growing energy demand and provide sustainable energies for the future [2] . For air-conditioning applications, conventional vapour compression systems are commonly used, which are driven by electrical energy. This causes stress in the generation and distribution systems during the peak load period in the summer. Thermally driven cooling systems are a sustainable energy technology that provides cooling by replacing electrically driven compressor chillers with thermally driven chillers.
They are known to be technically feasible [3] . Solar thermal energy is a suitable option for providing this cooling comfort. For example, Australia, with the highest annual solar radiation in the world, can meet its total energy demand by solar thermal energy using an area approximately equal to its existing rooftops [4] .
Thermal absorption cooling systems can be driven by waste heat or solar thermal energy. Such a system consists of a heat driven generator, a condenser, an evaporator, a solution heat exchanger and an absorber. While providing cooling, the condenser and the absorber of the absorption chiller produce heat that must be rejected: which is the same as for the condenser of a traditional vapour compression chiller. The performance of the absorption chiller depends on the heat rejection of the absorber as well as the condenser. Hence, it is crucial to consider efficient heat rejection methods and energy consumption of auxiliaries for the overall primary energy balance of this cooling system [5] .
There are various heat rejection methods that can be applied for condenser and absorber cooling in absorption cooling systems. These include evaporative or wet (water) cooling towers, air or dry cooling, hybrid cooling (with both wet and dry cooling), geothermal heat sinks, and night radiative cooling [6] . Kummert et al. [7] compared the system performance and energy cost for a geothermal absorption chiller and a vapour compression chiller for providing space heating and cooling in three different cities in Canada. The system coefficient of performance (COP) is always higher for compression heat pump systems, but where electricity prices are relatively low (Vancouver and Montreal) the life cycle cost is higher for natural gas-driven absorption heat pump systems. Although wet cooling is preferable for better system performance for the heat rejection of the absorber and condenser in an absorption chiller, water consumption is dominant in this method. The statistics of water usage at the California Institute of Technology show that 40% of the water consumption is for the central air-conditioning system in the campus [8] . In most of the arid Southwest USA and subtropical regions where policy and cost require reduced water usage, an air-cooled condenser and absorber are necessary. In cities like Hong Kong, the building density is very high and, because of the climate, cooling is needed throughout the year [9] . The government in Hong Kong does not permit the use of fresh water for heat rejection in building/central air-conditioning applications [10] . But, in hot weather where water is available, both wet and dry cooling methods can be used in parallel in a hybrid system. When a cooling tower is used as a heat rejection method for absorption air-conditioning, the energy needed is accounted for in the primary energy balance. The effectiveness of dry-cooling and wet-cooling methods is determined by the minimum temperature that each heat rejection method can provide. The wet cooling methods use the evaporation process to reject the heat, based on the wet bulb temperature, whereas dry cooling depends on the ambient dry-bulb temperature [11] .
An absorption air-conditioning system can be driven by a single-effect absorption chiller with a generator temperature varying from 60 to 120 °C [12] . The heat rejection for this system can be air-cooled or wet-cooled. As the performance of the absorption chiller depends on the absorber heat rejection, different studies of heat and mass transfer have been performed to improve the absorber efficiency, considering the expected high ambient temperature at the time of air conditioning use [13] . A wet-cooled single effect LiBr-H 2 O absorption chiller has been studied and the efficiency was found to be higher at a higher dry bulb temperature because of the lower relative humidity at the high dry bulb temperature [14] . Asdrubali and Grignaffini performed an experiment using a single effect LiBr-H 2 O absorption [15] , and found the highest performance at a 70 °C generator temperature when wet-cooled heat rejection was applied. A 34 kW LiBr-H 2 O absorption chiller integrated with membrane distillation was simulated based on UAE weather conditions and the highest COP was 0.7 during the peak period of summer [16] . Some studies have been carried out for the performance of air-cooled LiBr-H 2 O absorption chillers [13, 17, 18 ]. An ammonia-water absorption chiller is suitable for small-scale applications [12] . The SolarNext company in Germany introduced a 10 kW water cooled NH 3 -H 2 O absorption system for commercial air-conditioning applications that has a thermal coefficient of performance (COP th ) of 0.63 at a 16 °C chilled water temperature [19] . Many prototypes have been built for air-cooled NH 3 -H 2 O absorption chillers in order to analyse them experimentally. Du et al. [20] performed an experiment on a two-stage 2 kW air-cooled chiller and reported a COP th of 0.21 and an electrical coefficient of performance (COP el ) of 5.1 with 8 °C and 29 °C evaporator and air temperatures, respectively. Aprile et al. [21] found that a 2.5 kW double-effect air-cooled NH 3 -H 2 O chiller performed at a COP th of 0.3 and COP el of 10, at an air temperature of 30 °C, to provide 7 °C chilled water.
In short, there have been many research and experimental studies to improve the system performance of absorption chillers with different heat rejection systems. The scarcity of clean water in arid and semi-arid regions makes it necessary to optimize primary energy and water consumption, correlated with system performance and economic index. To the authors' knowledge, no analyses have been conducted for the comparison of different cooling methods in absorption air-conditioning systems with respect to energy and economic analysis.
In this present work, a dynamic simulation model has been developed in TRNSYS 17 in order to evaluate the primary energy consumption as well as water usage for different cooling systems in a 15 kW absorption chiller at different operating conditions. Much research has been carried out for the simulation of LiBr-H 2 O absorption chillers by TRNSYS 17 software [22] [23] [24] [25] [26] [27] . This software is restricted only to the LiBr-H 2 O absorption chiller [28] and the simulation is independent of thermodynamic properties of the absorbent-refrigerant solution and the internal thermodynamic cycle performance. To overcome these limitations of TRNSYS, a detailed thermodynamic analysis has been performed of a 15 kW NH 3 -H 2 O absorption solar air-conditioning system within Engineering Equation Solver (EES) [29] and coupled with the simulation model of heat rejection systems in TRNSYS 17. As a result, the model describes the energy consumption by different auxiliaries, and their effects on the overall system performance based on thermodynamic analyses of this air-conditioning system. Additionally, an economic analysis has been developed, considering the capital investment and operating cost, and the penalty cost of CO 2 emissions. Finally, energetic and economic analyses have been compared for different heat rejection methods.
System analysis
A model was developed for a 15 kW single effect NH 3 -H 2 O absorption chiller driven by solar thermal energy for the evaluation of primary energy consumption and the energy efficiency of the cooling system. This system was analysed with different heat rejection methods at different operating conditions. Figures 1 and 2 represent the schematics of single-effect absorption refrigeration systems with different heat rejection methods: Figure  1 for wet or dry cooling and Figure 2 for hybrid cooling. The model describes the thermodynamic process of the absorption cooling system in order to calculate the primary energy consumption of the absorption chiller and auxiliaries at different heat rejection systems. The system performance and primary energy efficiency are analysed in this model.
Thermodynamic analysis
Assuming that there are no heat losses, the rated energy supplied to the generator is: The cooling load of the evaporator, which was set to a constant 15 kW in this study, is:
The temperature of the absorber and the condenser depends on the different heat rejection methods. The following equation yields the energy required for the absorber:
The total energy balance of the absorption chiller can be calculated from the total heat gained by the system and the total heat rejected from the system, assuming no heat losses to the surroundings, and can be written as:
By using Equations (1) to (4), the energy required by the condenser can be deduced.
The solution heat exchanger effectiveness can be evaluated by the following equation:
For pumping the solution from the absorber to the generator, the energy required by the pump of the absorption chiller can be defined by:
The COP of an absorption cooling system can be defined in three different ways:
(a) The COP th is the ratio of the cooling load to the heat input to the generator:
(b) Considering the electrical energy consumption by the absorption chiller and auxiliaries including all pumps, fans and cooling tower, the COP el is:
(c) It is important to consider primary energy consumption by auxiliaries and the cooling tower when analysing the total performance of an absorption refrigeration system. The performance of the absorption cooling system can be defined as a primary energy ratio (PER) [27] , which is the ratio of useful energy output to the primary energy (electrical and thermal energy) input. The primary energy input is considered as the total energy input to the system, which includes the total electrical energy consumption and the thermal energy supplied to the system and it is defined as:
where PEF el is the primary energy factor for electricity, equal to 3.36 [30] .
Economic analysis
In order to evaluate the economic feasibility of different cooling methods in an absorption chiller, a simple cost analysis which includes capital and operating costs of the total cooling system was performed. As the operating cost is different in different regions owing to different electricity or water prices, two different countries -Canada and the UAE -were chosen for comparison in this cost analysis because of their differences in cooling demand, electricity and water costs. It was assumed that the air-conditioning period in any year is 4 months for Canada and the entire 12 months for the UAE. Since the cooling tower dominates the primary energy consumption and water usage, the cost of its energy usage is the primary factor for economic analysis. The investment costs of an absorption chiller and cooling tower are the major costs, so these were the only items considered for the capital cost investment (CI). Other component costs were not reflected in this study. The specific capital costs of wet cooling, dry cooling and hybrid cooling were considered to be 110 US$/kW, 134 US$/kW and 146 US$/kW, respectively; values which were taken from regression analysis of different manufacturing data [31] . Hence, the major investment cost of an absorption cooling system was determined as:
The operating cost (C op ) of this cooling system includes the consumption of electrical energy (C el ), water (C w ) and can be can be calculated by the following equation:
where, c e and c w are the unit costs of electricity and water (including waste water) and were assumed to be 0.10 US$/kWh and 2.86 US$/m 3 for Canada [32] and 0.044 US$/kWh and 2.95 US$/m 3 for the UAE [33] . In a wet cooling tower, another major cost is the water treatment. In this analysis, the treatment is considered to occur every two weeks for the sump water and the water treatment cost was assumed 7.13 US$/m 3 [34] . Although the wet cooling absorption chiller is thermodynamically more energy efficient than the dry cooling system, it may not be in terms of the combined energy and water cost. It is necessary to put in perspective the total cost (capital and operating) of different cooling systems for absorption chillers. Therefore, a simple payback period (SPBP) was calculated as an economic index of dry and hybrid cooling systems compared to a wet cooling system. In terms of environmental factors, CO 2 emission is important and its cost was also included in this analysis. So, the SPBP of different cooling methods was assessed as follows:
where,
In Equation (13), EF CO2 is the CO 2 emission factor for electricity production, and was assumed to be 0.856 kg of CO 2 /kWh [35] in Canada and 0.739 kg of CO 2 /kWh [36] in the UAE. c CO 2 is the CO 2 emission penalty cost of 0.01 US$ per kg in both Canada and the UAE [37, 38] .
Simulation procedure
If the heat supply to the absorption chiller is constant, the thermal performance of the chiller depends on the outdoor temperature and the heat rejection temperature [18] . In this analysis, three variants of the absorption cooling system have been developed with different heat rejection methods: a wet cooling system, a dry cooling system or a hybrid cooling system. The thermodynamic properties of the absorbent-refrigerant solution of a 15 kW absorption chiller were determined using equations in Aman, Henshaw & Ting [12] and calculated in EES [29] . A dynamic simulation model for different cooling towers was developed by using the energy simulation tool TRNSYS 17 [28] . Based on the required outlet temperature of the cooling tower, which was the inlet temperature of the absorber cooling water in the chiller, the amount of heat rejection and energy consumption by variant cooling towers was determined using this software. The primary energy balance and the performance of the absorption chiller were then calculated by solving Equations (1) to (9) in EES. Figure 3 shows the simulation procedure of this analysis. The simulation started with the input of the required refrigerant absorber temperature (T abs ) in EES which determined the T in,abs , T out,cond and refrigerant temperature in the condenser (T cond ) by using an internal heat exchanger efficiency of 80%. The T cond determined the chiller system pressure which was used to calculate the refrigerant concentration at the absorber temperature in the absorber. Then the energy balance of the chiller was calculated. In TRNSYS, T in,abs was input as the target temperature. To achieve the target T in,abs, the flow rate of water in wet cooling or the fan power in dry cooling were varied. When the targeted T in,abs was reached, the auxiliary energy consumption, fan power, water loss from evaporation in wet cooling and heat rejection were calculated. These results from TRNSYS were used in EES to calculate the efficiency of the system. In TRNSYS, in order to simulate the wet cooling tower and dry cooling tower, type51b and type511 were used, respectively. Each cooling method was used separately for the heat rejection of the absorber and condenser loop. For hybrid cooling, type51b was used for absorber cooling and type511 was used for condenser cooling to optimize the absorption system performance with minimum water usage. The water flow rate of the wet cooling tower and the electrical energy consumption rates by the fan of different cooling modes were determined by TRNSYS. Table 1 shows other electrical energy consuming devices of the absorption chiller.
As the weather data were not used in this analysis, Table 2 shows the assumptions of the dry-bulb and wet-bulb temperatures with respect to absorber temperature. 
Wet cooling tower (Type51b)
Two input parameters need to be defined in this cooling tower: the mass transfer constant and the mass transfer exponent. The mass transfer constant is the ratio of water mass flow rate to air mass flow rate in the cooling tower and was set at 1.2 [23] . The mass transfer exponent was set at −0.65 according to a guideline of the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) [39] . Table 3 shows the input parameters of this cooling system. The outlet temperature of the cooling tower, which is the inlet water temperature of the absorber (T in,abs ) (shown in Figure 1) , was adjusted by varying the water flow rate while running the fan at constant speed until the target T in,abs was achieved. The water flow rate, the heat rejection and water consumption from evaporation were determined from the simulation results of the cooling tower. The electrical energy consumption by this cooling tower was calculated by the power consumption of the fan and the auxiliary pump.
Dry cooling tower (Type511)
The TRNSYS fluid cooler dry cooling device was used to simulate a dry cooling system for this absorption chiller. Water was used as the heat exchanging fluid between the absorber/ condenser and the dry cooler. In order to achieve the required absorber/condenser temperature, the fan speed of the cooler was controlled by varying the fan power. Table 4 shows the input parameters for this cooling tower.
Hybrid cooling
A hybrid cooling system was considered in order to conserve water and to achieve the optimum performance of this absorption cooling system. The performance of the chiller depends more on the absorber temperature than the condenser temperature when other parameters are constant. This is because the absorbent-refrigerant concentration ratio in the absorber strongly depends on the absorber temperature. Therefore, in hybrid cooling, a wet cooling tower (type51b) was used for rejection of heat from the absorber by varying the fan speed while the water flow was kept at 0.8 kg/s. Unlike the case where only wet or dry cooling was used, the condenser temperature was fixed at 40 °C by air-cooling, as shown in Figure 2 , but the absorber temperature was varied. In this condition, the refrigerant was directly cooled by the fin tube heat exchanger in type511 with forced air, so no external water was needed for this cooling. As a result, in hot weather conditions, the maximum system performance can be achieved by lowering the absorber temperature with minimum water usage. Table 5 shows the energy flows in each component of a 15 kW absorption air-conditioning system operating at 80 °C generator, 40 °C condenser, 35 °C absorber and 6 °C evaporator temperatures to provide 10 °C chilled water (T out,eva ) with an 80% heat exchanger effectiveness. As electrical energy consumption is one criterion to evaluate the advantages of absorption chillers, Figure 4 shows the COP el of the 15 kW absorption chiller with different modes of heat rejection. Here, the analysis revealed that this 15 kW ammonia-water cooling system can operate only up to 40 °C absorber temperature, at which temperature the absorber absorbs barely sufficient absorbent (assuming a 45 °C condenser temperature) to provide 15 kW cooling in the evaporator under the operating conditions of 80 °C generator and 6 °C evaporator temperatures, respectively. Figure 4 shows that the COP el increased with increasing absorber/condenser temperature for all modes of operation. At higher absorber/ condenser temperatures, the relative humidity was less, so less fan power was required for the heat rejection by the cooling tower for cooling the absorber/condenser at increased temperature. Note that the COP el reached 8.05 in the wet cooling mode versus 5.2 for the dry cooling mode at 40 °C absorber temperature. In the wet cooling tower, the heat rejection occurred by the combination of heat and mass transfer. For this simulation with a wet cooling tower, the fan speed was constant but the water flow rate was controlled to achieve the required outlet temperature from the tower.
Results and analysis

Thermodynamic performance
Increasing the water flow rate increases the water surface area exposed to the air. This increases the evaporation of water, which in turn increases the cooling rate of water in the tower. Therefore, the heat rejection depends on the water flow rate. In this cooling tower, the evaporation of water was the main mode of heat removal. Hence, less electrical energy was needed for the same amount of heat rejection compared to other cooling methods. As a result, a high COP el was obtained by this cooling tower. In contrast, the fan speed was controlled for the convection heat rejection in the dry cooling tower, which required a high volume of air to be moved to create the necessary heat transfer. This accounted for the high electrical energy consumption by the fan. As a result, the COP el of the dry cooling mode was the lowest compared to the other two modes of operation. In the hybrid cooling system, the wet and dry cooling tower were in parallel. Therefore, the electrical energy consumption was intermediate between those of the other two cooling systems. Figure 5 compares the PER and COP th of different modes of heat rejection. The absorber system thermal performance decreased as the absorber/condenser temperature increased for all modes of operation. Increasing the absorber temperature adversely affected the refrigerant vapour absorption in the absorber. Therefore, to supply a constant cooling load in the evaporator, the thermal load of the generator had to increase. At the same time, increasing the condenser temperature increased the system pressure, which increased the thermal load in the generator as well. These two effects were responsible for lowering the COP th .
In wet or dry cooling modes, the condenser temperature depended on the absorber temperature as the outlet temperature of the absorber cooling water (T out,abs ) is the inlet temperature of the condenser coolant (T in.cond ) for heat rejection, as shown in Figure 1 . So, the condenser temperature was always higher than the absorber temperature. But the absorption chiller itself operated through the same cycle and at the same absorber/condenser temperatures for the wet cooling mode or the dry cooling mode. As a result, there was no variation of the thermal performance (COP th ) by wet and dry cooling methods with respect to absorber/condenser temperatures. In the wet cooling mode, the primary energy consumption, including thermal and electrical, was lower than all other cooling modes and it increased as the absorber temperature rose; therefore the PER decreased. In contrast, a slight increase of PER was observed for the dry cooling mode as the absorber temperature rose from 25 to 35 °C. At higher absorber temperature, less heat rejection was observed that required less fan power which meant a higher PER. Although the thermal load was the same as that for the wet cooling system, the electrical energy consumption by the fan for the dry cooling tower was higher, so the total primary energy consumption was much greater compared to the wet cooling mode. As a result, the overall PER of dry cooling was lower than that in the wet cooling mode. As the generator thermal load increased above 35 °C absorber temperature for all cooling modes, so the PER dropped for all. For the hybrid cooling mode, it was observed that the COP th was lower than the wet/dry cooling mode. In this cooling method, the condenser was cooled by dry cooling and kept at a constant 40 °C, and the absorber temperature was controlled by wet cooling. Therefore, increasing the absorber temperature decreased the refrigerant absorption in the absorber at a high constant condenser temperature that resulted in an increased system pressure. As a result, the thermal load of the absorber and the generator increased, hence lowering the COP th for this cooling method compared to the other two modes. As a dry cooling tower was used for the condenser to maintain a high temperature, so the electrical energy consumption by the fan was less than that of the dry cooling mode; therefore, the PER was intermediate for this cooling method. Over the range of temperatures simulated, the average PER of the hybrid system was 13% lower than for wet cooling and 20% higher than the dry cooling mode of operation, which compensated for the 8% lower COP th compared to the other two cooling systems. Figure 6 shows the electrical energy and water consumption rates of the three different cooling methods. The highest electrical energy consumption was observed in the dry cooling mode, which decreased rapidly as the absorber/condenser temperature increased, but it was on average 54% higher than that for the wet cooling mode. The required electrical energy of the wet cooling system was the lowest of all cooling modes and was almost constant as the temperature rose. In contrast, the water consumption was highest in this mode of cooling. The hybrid cooling system demonstrated a trade-off between electrical energy and water consumption. In this cooling method, the water flow rate was kept constant while the fan speed was controlled to circulate the atmospheric air for the evaporation of water in the wet cooling tower for the absorber cooling. This was done to keep the water consumption low, while providing the same heat rejection as the wet cooling tower. A dry cooling tower was used for the condenser cooling in the hybrid cooling method. As a result, the average electrical energy consumption of the hybrid cooling method was 22% higher than the wet cooling mode but 41% lower than the dry cooling mode. This hybrid cooling used 49% less water compared to the wet cooling mode of operation. Figures 7 and 8 show the electricity and water consumption per year using different cooling methods, to provide 15 kW cooling in Canada and the UAE. Table 6 summarises the thermal performance, PER and economic performance of these cooling systems. When comparing the electricity and water consumption and their costs between these two countries, it can be seen that the electricity and water consumption in the UAE are higher than in Canada by 3 times and 1.95 times, respectively. Because of the weather in the UAE, air-conditioning is required all the year round; whereas in Canada, the air-conditioning needs to run only four months. In contrast, the total cost of this electricity in the UAE is only 1.3 times higher as the unit price of electricity in the UAE is 2.7 times less than in Canada. In terms of water cost, the UAE pays 2.02 times more than Canada.
Energy and economic performance
The SPBP in Table 6 was calculated to compare the economic benefit of dry and hybrid cooling over wet cooling methods. The capital cost of the wet cooling system was less than the other two methods and the thermal performance and PER were also higher for the wet cooling system. But, the operating cost of a wet cooling system is higher than the dry cooling system because of the high water cost and water treatment cost. The analysis reveals that although the dry cooling system had a lower PER and a higher capital cost, from an economic point of view, the cost can be paid back within 1 year over the wet cooling system. Therefore, the dry cooling tower can replace the wet cooling tower where the water cost is high and the use of fresh water is forbidden for air-conditioning applications. Owing to the high dry bulb temperatures in some locations like southern California and Nevada, dry cooling is not, however, feasible [8] . In such a case, the hybrid cooling system can be used to trade-off between water consumption and primary energy consumption. The total cost of hybrid cooling in this situation can be recovered within 2.9 years as a result of less water consumption compared to wet cooling. In contrast, in the UAE, the payback periods for dry and hybrid cooling systems over wet cooling are lower than in Canada as the electricity price is fairly low compared to the water price.
Conclusion
The aim of this study was to show how water usage and primary energy consumption of a 15 kW NH 3 -H 2 O absorption cooling system could be reduced with different heat rejection methods. The primary energy and water usage for the best performance of the chiller, then the thermal, electrical and primary energy efficiency as well as cost effectiveness of wet cooling, dry cooling and hybrid cooling heat rejection methods of this absorption chiller have been investigated. A dynamic simulation model of different cooling methods was developed in TRNSYS software to estimate their electrical energy and water consumption. The thermodynamic properties of the refrigerant-absorbent solution and energy balance of the absorption chiller were calculated in EES to determine the efficiencies of this absorption cooling system.
The analysis reveals that the dry cooling method offers the highest potential for reducing the water consumption and best economic index for its operation. In contrast, the wet cooling method has the lowest primary energy consumption but a higher amount of water consumption and a higher operating cost. The hybrid cooling method uses the wet and dry cooling methods in parallel. With an average 8% lower thermal efficiency, this hybrid system can reduce water consumption by 49% and primary energy consumption by 41% compared to wet and dry cooling methods, respectively. The efficiency of this cooling method can return its cost within 2.9 years compared to the wet cooling method.
Finally, the analysis in this paper indicates that a wet cooling absorption system can be replaced by a dry cooling system at the same thermal efficiency where there is scarcity of water or the cost of water is high. Hybrid cooling is the best trade-off between primary energy and water usage in hot weather conditions. Overall, the analytical methods of this study provide clear thermo-economic guidance for choosing a suitable cooling method that can be used for absorption air-conditioning systems. 
